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为根室、2 mm、4 mm、6 mm 三个近根际、以及>6 mm 远根际，研究菲在各毫
米级根际微域的消减动态行为，各毫米级微域微生物数量和群落结构（采用




































2 mm、4 mm、6 mm 三个近根际、以及远根际（>6 mm）的毫米级微域划分，研
究了植物对菲的消减行为在毫米级根际微域内伴随根系分泌物梯度递减效应的
微空间响应规律。发现菲的根际消减行为存在距离根系不同远近的差异，消减程





































  Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental pollutants 
that possess carcinogenic and mutagenic properties. Due to their high toxicity and 
wide distribution in the environment, PAHs have been listed as priority pollutants by 
the United States Environmental Protection Agency (USEPA). 
Mangrove ecosystems, important inter–tidal estuarine wetlands along the coastlines 
of tropical and sub–tropical regions, are closely tied to human activities and are 
subject to PAHs contamination. Anoxic conditions and high levels of organic carbon 
are preferential for uptake and conservation of PAHs, thus PAHs in marine sediments 
would have a strong tendency to concentrate in marine food webs and cause potential 
health risks to humans.  
Phytoremediation, the use of vegetation for the in situ treatment of contaminated 
soils and sediments, is a technology that promises effective and inexpensive cleanup 
of certain hazardous waste sites. 
In this study, mangrove wetland sediment vegetated with Kandelia obovata was 
spiked with 5, 10, 20, 40 mg·kg-1 phenanthrene (PHE). The effects of PHE and 
planting on microbial abundance, enzyme activities and pH in sediment were 
investigated. Further, an experiment was conducted using a specially designed 
rhizobox where K. obovata seedlings were grown for 120 days in a sediment spiked 
with PHE at concentration of 10 mg·kg-1 to investigate rhizosphere effect on the 
dissipation of PHE, microbial abundance and diversity, enzyme activities and pH. The 
sediment in the rhizobox was divided into six separate compartments at various 
distances from the root surface. 
The information derived from this work will contribute to a better understanding of 
the soil-plant-microbe interactions and their impacts on the environmental behavior of 
organic contaminants in the soil system. The main conclusions are as follows: 
After planting K. obovata for 120 days, the planted sediment showed greater 
















of PHE were 83±3%、78±3%、76±1%、70±1% in planted sediment and 65±3%、
64±2%、60±2%、59±3% in the unplanted sediment. It suggests that vegetation could 
enhance the dissipation of PHE in sediment. 
Vegetation promoted the number of bacteria and PHE-degrading bacteria and 
weakened the effects of PHE on them. Lower concentrations of PHE could enchance 
the growth of bacteria and PHe-degrading bacteria, while higher concentrations could 
inhibit their growth. And pH values in the planted sediment were lower than those in 
the unplanted sediment because of the presence of root exudates. 
The activities of polyphenoloxidase, peroxidase, dehydrogenase, urease and 
phosphatase in the planted sediment were higher than those in the unplanted sediment. 
It suggested that planting could enhance the enzyme activities. And except for 
phosphatase, enzyme activities had a positive correlation with the removal of PHE. 
In the experiment of rhizobox, changes in PHE concentrations with increasing 
distance from the root compartment were assessed. The largest and most rapid loss of 
PHE in planted rhizobox was in 2 mm layer from the root zone. The dissipation 
gradient followed the order: 2 mm> root compartment> 4 mm> 6 mm> 
far–rhizosphere zones in the planted rhizobox. The difference in the availability of 
root exudates and PHE to microbes may lead to the changes in PHE content in 
rhizosphere. In contrast, there was no obvious difference in PHE concentrations with 
distance in the unplanted rhizobox. 
Changes in the number of both bacteria and PHE–degrading bacteria in the planted 
rhizobox followed the same gradient with the PHE dissipation. And this trend was 
related to the enhanced dissipation of PHE, which was higher in the near–rhizosphere 
than far–rhizosphere zones. However, there was no difference in the number of 
bacteria and PHE–degrading bacteria in the unplanted rhizobox. 
The largest activities of polyphenoloxidase, peroxidase, dehydrogenase, urease and 
phosphatase in the planted rhizobox were in root compartment or 2 mm layer. The 
results of microbial abundance and enzyme activities suggest that the effect of root 
proximity is important in the dissipation of PHE in rhizosphere. Except for 
















every layer in rhizosphere. There was no difference in the activities of these enzymes 
in the unplanted rhizobox. 
Further investigations were conducted using Denaturing Gradient Gel 
Electrophoresis (DGGE) analysis of PCR–amplified 16S rDNA V3 region to follow 
the millimeter spatial response of microbial community with the purpose to illustrate 
the mechanism of dissipation gradient of PHE in the rhizosphere. DGGE profiles 
were different in the planted and unplanted rhizoboxes, thus indicating a shift in the 
bacterial community in the presence of plant. Samples in the planted rhizobox had 
much higher biodiversity indices (H) than those in the unplanted rhizobox. Such 
diversity may promote the remediation of contaminated sediments as degradation of 
organic compounds may require several organisms with distinctive enzyme systems. 
In the planted rhizobox, bacterial community structure in 4 mm layer was more 
similar to that in 6 mm layer (S=0.87). 2 and 4 mm layer also had a higher similarity 
coefficient (S=0.84). Root compartment and far–rhizosphere (>6 mm) layer had the 
lowest similarity coefficient (S=0.61). In the planted rhizobox, half of the dominant 
bacteria were related to Proteobacteria group which is well-known for their capability 
to degrade PAHs, while in the unplanted rhizobox just one related to this group.  
 




























多环芳烃是由 6 个碳原子和 6 个氢原子组成的特殊碳环-苯系化合物，两个
以上的苯环以线性排列、弯曲或簇聚的方式有机的结合在一起称为多环芳烃，是




























苯并[ghi]苝、二苯并[a,h]蒽、茚并[1,2,3-cd]芘 16 种未带分支的 PAHs 确定为环境
中的优先污染物[13–15]。表 1-1 为 16 种优先控制的 PAHs 的化学式、结构式和部
分物理化学性质，中国也把其中 7 种 PAHs 列入优先监测的环境污染物黑名单中。 
 
表 1-1 16 种优先控制的多环芳烃 
Table 1-1 16 PAHs which have been identified as priority pollutants 
名称 分子量 溶解度（mg·L-1） logKow Koc 结构式 
Naphthalene 
C10H8 












166 1.98 4.18 1.38×104
Phenanthrene 
C14H10 




178 0.045 4.54 2.95×104
Fluoranthene 
C16H10 




















252 0.0043 6.06 1.23×106  
Benzo[a]pyrene 
C20H12 




278 0.0004 6.86 3.80×106
Benzo[ghi]perylene 
C22H12 
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